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©  X-ray  examination  apparatus  comprising  an  X-ray  image  intensifier  tube. 

©  The  X-ray  examination  apparatus  (1)  comprises 
an  X-ray  image  intensifier  tube  (19)  having  an  en- 
trance  screen  (21),  an  exit  section  (24)  having  an  exit 
screen  (25)  and  an  exit  window  (27),  an  optical 
imaging  system  (32)  and  a  photosensitive  detection 
device  (41).  The  exit  section  (24)  comprises  a  fibre 
optical  plate.  Between  the  fibre  optical  plate  and  the 
optical  imaging  system  (32)  there  is  arranged  an 
element  (31)  which  selectively  increases  the  spatial 
frequency  in  order  to  prevent  image  aberrations  due 
to  the  fibre  optical  plate  structure. 
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The  invention  relates  to  an  X-ray  examination 
apparatus,  comprising  an  X-ray  image  intensifier 
tube  having  an  entrance  screen,  an  exit  section 
comprising  an  exit  screen  and  an  exit  window,  an 
optical  imaging  system  and  a  photosensitive  detec- 
tion  device. 

An  X-ray  examination  apparatus  of  this  kind  is 
known  from  the  Patent  Specification  US-A 
4,809,309. 

In  an  apparatus  described  therein  the  light 
beam  generated  in  the  exit  screen  emanates  from 
the  X-ray  image  intensifier  tube  via  an  exit  window. 
Due  to  repeated  reflections  at  surfaces  of  the  exit 
window,  a  light  spot  incident  on  the  exit  window  is 
imaged,  after  passage  through  the  window,  as  a 
light  spot  having  a  halo  by  the  imaging  system. 
This  results  in  a  mediocre  image  quality. 

It  is  an  object  of  the  invention  to  reduce  the 
loss  of  image  quality  in  the  exit  section  of  the  X-ray 
image  intensifier  tube.  To  achieve  this,  the  inven- 
tion  is  characterized  in  that  the  exit  section  com- 
prises  a  fibre  optical  plate  and  in  that  an  element 
which  selectively  increases  the  spatial  frequency  is 
arranged  between  the  fibre  optical  plate  and  the 
optical  imaging  system.  The  use  of  a  fibre  optical 
plate  prevents  or  at  least  reduces  halation.  In  a 
fibre  optical  plate  light  is  guided  through  a  fibre 
and  remains  within  the  relevant  fibre  also  in  the 
case  of  reflection  at  the  exit  surface,  thus  avoiding 
halation.  In  combination  with  a  fibre  optical  plate, 
use  is  made  of  an  element  which  selectively  in- 
creases  the  spatial  frequency  so  that  the  informa- 
tion  concerning  the  optical  fibre  plate  structure, 
present  in  the  output  signal,  is  separated  from 
image  information  of  an  object  to  be  examined. 
This  is  because  the  information  of  the  fibre  optical 
plate  structure  present  in  the  light  beam,  in  con- 
junction  with  an  optical  imaging  system  succeeding 
the  X-ray  image  intensifier  tube,  is  liable  to  give 
rise  to  a  ring  pattern  in  the  image  formed. 

It  is  to  be  noted  that  a  fibre  optical  plate  is 
known  per  se  from  GB  1  ,470,889. 

A  preferred  embodiment  of  the  X-ray  examina- 
tion  apparatus  in  accordance  with  the  invention  is 
characterized  in  that  the  element  which  selectively 
increases  the  spatial  frequency  is  a  birefringent 
crystal.  An  optimum  effect  can  be  achieved  by 
cutting  slices  from  a  crystal  along  planes  extending 
parallel  to  two  crystal  axes  of  different  length  which 
determine  the  degree  of  birefringence.  The  fibre 
optical  plate  information  present  in  the  output  sig- 
nal  may  be  considered  to  be  a  periodically  un- 
desirable  signal.  When  frequency  doubling  is  ap- 
plied  to  such  a  signal,  it  will  be  placed  beyond  the 
resolving  power  of  the  optical  imaging  system.  The 
occurrence  of  disturbing  line  patterns  due  to  image 
field  curvature  of  the  imaging  system  is  thus  pre- 
vented  upon  formation  of  a  light  optical  image. 

A  further  preferred  embodiment  of  the  X-ray 
examination  apparatus  in  accordance  with  the  in- 
vention  is  characterized  in  that  the  birefringent  cry- 
stal  is  a  quartz  crystal.  Because  the  conventional 

5  exit  section  now  comprises  a  fibre  optical  plate,  a 
difference  in  optical  path  length  is  created  between 
the  exit  section  and  the  optical  imaging  system. 
This  difference  in  optical  path  length,  however,  can 
be  exactly  compensated  for  by  a  quartz  crystal. 

w  This  is  because  the  necessary  thickness  of  the 
quartz  crystal  suitably  corresponds  to  the  thickness 
necessary  for  achieving  the  desirable  shift  by 
birefringence.  Moreover,  quartz  is  a  material  that 
can  be  comparatively  readily  produced  and  pro- 

75  cessed. 
A  further  preferred  embodiment  of  an  X-ray 

examination  apparatus  in  accordance  with  the  in- 
vention  is  characterized  in  that  the  element  which 
selectively  increases  the  spatial  frequency  is  ar- 

20  ranged  against  the  exit  window.  If  desirable,  a  side 
of  the  element  which  selectively  increases  the  spa- 
tial  frequency  which  is  remote  from  the  fibre  optical 
plate  can  be  provided  with  an  anti-reflection  layer. 
Optical  aberrations  are  thus  prevented. 

25  Another  preferred  embodiment  of  the  X-ray  ex- 
amination  apparatus  in  accordance  with  the  inven- 
tion  is  characterized  in  that  crystal  axes  of  the 
birefringent  crystal  which  are  of  relevance  for 
birefringence  extend  at  an  angle  of  approximately 

30  45°  with  respect  to  an  orthogonal  fibre  structure  of 
the  optical  fibre  plate.  Thus,  for  both  mutually  per- 
pendicularly  oriented  lines  of  the  fibre  optical  plate 
structure  an  approximately  equal  shift  occurs,  so 
that  frequency  doubling  is  achieved  in  both  direc- 

35  tions. 
Another  preferred  embodiment  of  the  X-ray  ex- 

amination  apparatus  in  accordance  with  the  inven- 
tion  is  characterized  in  that  the  photosensitive  de- 
tection  device  is  a  cine  recording  device.  Due  to 

40  the  non-linearity  of  the  intensification  of  contrast  of 
the  film,  a  difference  arises  between  the  density  on 
the  recording  and  the  contrast  in  the  recorded 
image.  As  a  result  of  the  use  of  a  frequency- 
increasing  element,  devices  for  which  the  direc- 

45  tional  coefficient  of  the  gamma  curve  deviates  from 
1  can  now  also  be  used  for  optical  detection. 

An  alternative  version  of  the  latter  preferred 
embodiment  of  the  X-ray  examination  apparatus  in 
accordance  with  the  invention  is  characterized  in 

50  that  the  photosensitive  detection  device  is  a  televi- 
sion  camera  tube.  For  a  camera  tube  the  direc- 
tional  coefficient  of  the  gamma  curve  may  be  ap- 
proximately  equal  to  1  ,  but  camera  tubes  having  a 
different  directional  coefficient  are  also  known. 

55  An  alternative  preferred  embodiment  of  the  X- 
ray  examination  apparatus  in  accordance  with  the 
invention  is  characterized  in  that  the  photosensitive 
detection  device  is  a  CCD  matrix. 
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A  further  preferred  embodiment  of  the  X-ray 
examination  apparatus  in  accordance  with  the  in- 
vention  is  characterized  in  that  the  birefringent  cry- 
stal  is  arranged  at  an  angle  of  approximately  45° 
with  respect  to  the  fibre  optical  plate  structure 
between  the  fibre  optical  plate  and  the  CCD  matrix 
which  are  arranged  at  an  angle  of  approximately 
45°  with  respect  to  one  another. 

For  a  CCD  matrix  the  directional  coefficient 
may  be  equal  to  or  slightly  smaller  than  1  ,  so  that 
the  image  is  less  susceptible  to  undesirable  den- 
sity  patterns  stemming  from  the  optical  fibre  plate 
structure.  The  use  of  a  birefringent  crystal,  how- 
ever,  is  still  attractive  because  it  can  also  prevent 
the  occurrence  of  moire  patterns  which  generally 
become  manifest  during  the  imaging  of  a  regular 
structure  on  a  detection  device  having  a  regular 
structure. 

The  invention  will  be  described  in  detail 
hereinafter  with  reference  to  the  drawing.  The  sole 
Figure  of  the  drawing  shows  an  embodiment  of  an 
X-ray  examination  apparatus  in  accordance  with 
the  invention. 

An  X-ray  apparatus  1  as  shown  in  the  Figure 
comprises  an  X-ray  tube  3  with  a  power  supply 
source  5  for  generating  an  X-ray  beam  7  for  irra- 
diating  an  object  1  1  arranged  on  a  carrier  9.  The  X- 
ray  examination  apparatus  1  furthermore  comprises 
an  X-ray  diaphragm  device  13  with  a  control 
mechanism  15  for  automatic  adaptation  of  the  de- 
sirable  amount  of  X-rays  for  imaging.  The  X-ray 
beam  17  emanating  from  the  object  11  is  inter- 
cepted  by  an  X-ray  image  intensifier  tube  19  hav- 
ing  an  entrance  screen  21,  an  electron  optical 
system  23  and  an  exit  section  24  which  comprises 
an  exit  screen  25,  provided  with  an  exit  phosphor 
layer  26,  and  an  exit  window  27.  The  light  beam  29 
generated  in  the  exit  screen  25  emanates  from  the 
X-ray  image  intensifier  tube  19  via  the  exit  window 
27.  The  exit  window  27  may  be  constructed  as  a 
fibre  optical  plate.  In  order  to  separate  the  func- 
tions  of  light  interception  and  transport  of  a  light- 
optical  image  formed  in  the  exit  phosphor  layer  26 
and  the  vacuum  bridging  of  the  exit  window  27,  the 
fibre  optical  plate  can  also  serve  as  a  carrier  for  the 
exit  phosphor  layer  26  and  the  exit  window  27  can 
be  made  of  normal  glass.  After  having  passed 
through  the  fibre  optical  plate,  the  image-carrying 
light  beam  is  incident  on  an  element  31  which 
selectively  increases  the  spatial  frequency  and 
which  is  arranged  against  the  exit  window  27  in  the 
present  case.  In  the  present  embodiment  the  ele- 
ment  31  is  formed  by  a  birefringent  crystal,  notably 
a  quartz  crystal  whose  crystal  axes  of  different 
length  extend  at  an  angle  of  45°  with  respect  to 
the  orthogonal  fibre  structure  of  the  fibre  optical 
plate.  The  X-ray  examination  apparatus  1  further- 
more  comprises  an  optical  imaging  system  32 

which  includes  a  first  lens  33.  When  the  exit  win- 
dow  27  comprises  the  fibre  optical  plate,  the  dif- 
ference  in  path  length  thus  arising  can  be  exactly 
compensated  for  by  the  use  of  quartz.  This  is 

5  because  quartz  produces  the  desired  degree  of 
shift  by  the  birefringence  at  a  thickness  required 
for  eliminating  the  difference  in  path  length  occur- 
ring.  Consequently,  the  optical  system  is  corrected 
again  for  spherical  aberration.  The  image  focal 

w  plane  of  a  second  lens  37  coincides  with  the  target 
39  of  a  photosensitive  detection  device  41  .  For  the 
selected  arrangement  of  the  lens  33  the  light  beam 
29  generated  in  the  exit  screen  25  and  emerging 
via  the  exit  window  27  is  a  parallel  beam  between 

75  the  lenses  33  and  37.  An  image  transfer  system  43 
may  be  arranged  in  the  beam  29  so  that  the 
information  of  the  light  beam  29  can  be  imaged  on 
a  cine  camera  45  as  well  as  on  a  video  camera  47. 
The  video  camera  47  may  be,  for  example,  a 

20  conventional  television  camera  or  a  CCD  camera 
which  comprises  a  CCD  matrix  which  is  preferably 
arranged  at  an  angle  of  45°  with  respect  to  the 
fibre  optical  plate.  The  image  transfer  system  39 
may  be,  for  example,  a  partly  transparent  and/or 

25  tiltable  mirror.  In  order  to  prevent  disturbing  effects 
of,  for  example,  electromagnetic  fields  on  an  elec- 
tron  beam  49  which  images  photoelectrons  of  the 
entrance  screen  21  on  the  exit  screen  25,  the  X-ray 
image  intensifier  tube  19  is  accommodated  in  a 

30  housing  51  which  comprises,  for  example  a  trellis- 
shaped  entrance  grid  53  which  combines,  for  ex- 
ample  in  accordance  with  US  4,220,890,  the  func- 
tions  of  scattered  radiation  grid  and  magnetic 
screen.  The  X-ray  examination  apparatus  1  further- 

35  more  comprises  a  central  control  device  55.  The 
device  55  is  capable  of  controlling  a  generator  57 
for  the  X-ray  tube  3,  a  video  signal  processing 
device  59  of  the  television  chain  of  the  apparatus, 
the  cine  camera  45  and,  for  example  a  device  61 

40  comprising  an  AD  converter  63  for  digital  image 
processing.  A  monitor  65  is  included  for  image 
display.  Use  can  also  be  made  of  two  monitors,  a 
first  monitor  always  displaying,  for  example  the 
instantaneous  image  while  the  second  monitor  dis- 

45  plays  a  processed  image.  An  image  of  both  moni- 
tors,  but  notably  of  the  latter  monitor  can  then  be 
recorded  in  a  hard-copy  unit  67,  if  desired. 

Claims 
50 

1.  An  X-ray  examination  apparatus,  comprising  an 
X-ray  image  intensifier  tube  having  an  entrance 
screen,  an  exit  section  comprising  an  exit 
screen  and  an  exit  window,  an  optical  imaging 

55  system  and  a  photosensitive  detection  device, 
characterized  in  that  the  exit  section  comprises 
a  fibre  optical  plate  and  in  that  an  element 
which  selectively  increases  the  spatial  frequen- 
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cy  is  arranged  between  the  fibre  optical  plate 
and  the  optical  imaging  system. 

2.  An  X-ray  examination  apparatus  as  claimed  in 
Claim  1,  characterized  in  that  the  element  5 
which  selectively  increases  the  spatial  frequen- 
cy  is  a  birefringent  crystal. 

3.  An  X-ray  examination  apparatus  as  claimed  in 
Claim  2,  characterized  in  that  the  birefringent  w 
crystal  is  a  quartz  crystal. 

4.  An  X-ray  examination  apparatus  as  claimed  in 
Claim  1,  2  or  3,  characterized  in  that  the  ele- 
ment  which  selectively  increases  the  spatial  75 
frequency  is  arranged  against  the  exit  window. 

5.  An  X-ray  examination  apparatus  as  claimed  in 
Claim  2  or  3,  characterized  in  that  crystal  axes 
of  the  birefringent  crystal  which  are  of  rel-  20 
evance  for  the  birefringence  extend  at  an  angle 
of  approximately  45°  with  respect  to  an  or- 
thogonal  fibre  structure  of  the  optical  fibre 
plate. 

25 
6.  An  X-ray  examination  apparatus  as  claimed  in 

Claim  1  ,  2  or  3,  characterized  in  that  the  pho- 
tosensitive  detection  device  is  a  cine  recording 
device. 

30 
7.  An  X-ray  examination  apparatus  as  claimed  in 

Claim  1  ,  2  or  3,  characterized  in  that  the  pho- 
tosensitive  detection  device  comprises  a  televi- 
sion  camera  tube. 

35 
8.  An  X-ray  examination  apparatus  as  claimed  in 

Claim  1  ,  2  or  3,  characterized  in  that  the  pho- 
tosensitive  detection  device  comprises  a  CCD 
matrix. 

40 
9.  An  X-ray  examination  apparatus  as  claimed  in 

Claim  8,  characterized  in  that  the  birefringent 
crystal  is  arranged  at  an  angle  of  approxi- 
mately  45°  with  respect  to  the  fibre  optical 
plate  structure  between  the  fibre  optical  plate  45 
and  the  CCD  matrix  which  are  arranged  at  an 
angle  of  approximately  45°  with  respect  to  one 
another. 

50 

55 
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